a b s t r a c t
The cumulative incidence function quantifies the probability of failure over time due to a specific cause for competing risks data. The generalized semiparametric regression models for the cumulative incidence functions with missing covariates are investigated. The effects of some covariates are modeled as nonparametric functions of time while others are modeled as parametric functions of time. Different link functions can be selected to add flexibility in modeling the cumulative incidence functions. The estimation procedures based on the direct binomial regression and the inverse probability weighting of complete cases are developed. This approach modifies the full data weighted least squares equations by weighting the contributions of observed members through the inverses of estimated sampling probabilities which depend on the censoring status and the event types among other subject characteristics. The asymptotic properties of the proposed estimators are established. The finite-sample performances of the proposed estimators and their relative efficiencies under different two-phase sampling designs are examined in simulations.
The methods are applied to analyze data from the RV144 vaccine efficacy trial to investigate the associations of immune response biomarkers with the cumulative incidence of HIV-1 infection.
Introduction

1
Competing risks data are often encountered in medical researches where study participants are exposed to two or 2 more mutually exclusive causes of failure. Because of the inherited nonidentifiability problem with the competing risks 3 data, the cause-specific hazard function and cumulative incidence function have been used as the primary quantities for 4 analyzing competing risks data (Tsiatis, 1978; Kalbfleisch and Prentice, 1980) . The cause-specific hazard function measures 5 the instantaneous failure risk due to a specific cause while the cumulative incidence function describes the probability 6 distribution for a specific cause of failure, both are the measurements of the crude failure risk in the presence of all other The statistical methods developed for failure time hazard regression models such as Cox (1975) , Lin and Ying (1994) 
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incidence function F j (t) for cause j relates the cause-specific hazard function λ j (t) through the simple formula
is the survival function of T of all causes. Cumulative incidence functions can be estimated 2 through modeling the cause-specific hazard functions for all causes (Cheng et al., 1988; Shen and Cheng, 1999 proposed method is applied to analyze data from the RV144 vaccine efficacy trial in Section 5.1 to investigate the association 39 of antibody responses with the vaccine on the cumulative incidence of infection with HIVs of specific genetic types of interest.
40
An additional simulation study based on the RV144 data is conducted in Section 5.2 to examine the performance of the IPW period during which data are collected. We assume that the (T i , J i ) are independent of the C i given the covariates (X i , Z i ). The 52 covariates of subject i are only meaningful in the time interval when the subject is at-risk and still in the study, i.e., t ≤T i .
53
Let F 1 (t; X i , Z i ) = P(T i ≤ t, J i = 1|X i , Z i ) be the conditional cumulative incidence function given covariates (X i , Z i ). We 54 consider the following generalized semiparametric model:
